INTRODUCTION
The understanding of acute HIV infection (AHI) may inform vaccine development by characterizing the pathophysiology of the transmission event and in particular those characteristics of transmission that might be targets for vaccine-induced immune interdiction. Further, understanding the nature of host control of viremia may also help refine vaccine development strategies to minimize onward transmission risk [1 && ]. Antiretroviral therapy (ART) initiation in AHI leads to a smaller HIV reservoir size and a better preserved immunity compared with later treatment [2] . Therefore, early-treated persons may be ideal candidates for therapeutic HIV vaccines aiming for HIV remission, that is long-term undetectable viremia for an as-yet undefined period (probably of several years) in the absence of ART [3] .
In this article, we will describe the characteristics of AHI and how knowledge of untreated and treated AHI could inform vaccine development.
ACUTE HIV INFECTION
AHI is associated with a rapid rise in HIV plasma viremia and commonly manifested clinically with reported symptoms of fever, headache and malaise and physical findings of elevated heart rate and lymphadenopathy. The symptoms and signs arise just prior to and at peak viremia and are relatively brief [1 in the majority of acutely infected persons and is predictive of viral load set point, a key determinant of long-term prognosis [1 && , [4] [5] [6] [7] . Importantly, the viral load set point is established at a median of 31 days (range 18-42 days) following the advent of viremia [1 && ] (Fig. 1) . The AHI period is therefore abrupt and decisive in terms of long-term prognosis for the individual.
Definitions of acute, early, chronic and late infection have been proposed using the evolution of HIV plasma viremia, antigenemia, HIV-specific antibody, the advent of a stable set point viral load and the onset of immunodeficiency with loss of host immune control of viremia [8] [9] [10] [11] . As a practical matter, the first and most commonly employed staging system for acute and early infection by Fiebig et al. [9] (Table 1) is compromised by the replacement of second-generation immunoassay with newer and more sensitive third-generation (IgM) and fourth-generation (p24 antigen) immunoassays for HIV [8] .
The distinction between acute and early infection has been variably defined but is often related to complete evolution of antibody responses and the advent of stable viral load set point. In closely monitored acute infection cohorts representing multiple HIV subtypes, a stable viral load set point occurs 4-5 weeks after the advent of viremia [1
Diagnosis of AHI is challenging. Most studies seeking HIV infection in the acute stage have relied upon symptoms to prompt clinicians to evaluate a diagnosis with nucleic acid testing. Recent data suggest that although symptoms and signs are common, they may often be brief and mild suggesting that acutely infected individuals may not seek care. Moreover, seroconversion symptoms may be mistaken for other locally prevalent febrile illnesses like malaria [13] .
New 
KEY POINTS
Phylogenetic analyses of founder viruses during acute HIV infection inform targets for vaccine-induced immune interdiction. There is a unique selection process for high-fitness viruses that could limit vaccine protection.
Preventive vaccines require broad coverage with considerations for HIV clades, route of transmission and presence of minor variants.
Preventive vaccine that reduces peak viremia and reduces overall viral load set point would contribute to a reduction of infectiousness even if the vaccine is only partially effective in affording protection from HIV infection.
There are strong rationales for studying therapeutic HIV vaccines aimed at HIV remission in early-treated individuals who have few or no viral escape mutants, less CD4
þ depletion and more preserved memory T cells. participants with different levels of proviral and viral burden. These very early acutely infected individuals are highly unique and could inform prevention, treatment and cure research [8] .
EARLY EVENTS IN ACUTE HIV INFECTION AND RELEVANCE TO PREVENTIVE HIV VACCINE DEVELOPMENT
Knowledge of the genetic makeup and complexity of HIV-transmitted founder viruses is important in informing vaccine coverage and targets. Acute infection studies so far have offered some optimism that the broad genetic diversity of HIV may not limit vaccine efficacy as there appears to be some limitations on HIV strains that account for transmission events. Phylogenetic analyses of founder viruses in different epidemic settings support the notion of a genetic bottleneck with only a single founder in the large majority of heterosexual transmissions [14] [15] [16] . Moreover, founder viruses appear to be phenotypically distinct and specifically more resistant to IFN-a [15, 17, 18] . HIV transmission in MSM may have a higher proportion of multiple founders, which is thought to relate to a more permissive route of transmission [19] . However, a recent study demonstrated no significant differences in frequencies of single vs. multiple founder viruses in heterosexuals, MSM and people who inject drugs in early stages of AHI [20 && ]. Such discrepancies may be due to sampling in relation to AHI stages as persons in later stages of acute infection are more likely to have multiple viral strains as escape variants from immune pressure. Interestingly, unique bottleneck selection and specific genetic signatures of transmitted founder viruses were observed between these groups. More selective pressure is observed in lower risk transmission (i.e. heterosexual vs. MSM, insertive anal vs. receptive anal intercourse) possibly to optimize for high-fitness variants that could lead to successful transmission [21] . This supports the rationale for developing vaccines with broad coverage not only for multiple clades, but also for antigenic variants associated with different transmission routes.
More recent evaluation of founder virus diversity using next-generation sequencing approaches targeting regions with changes in sequence over time has identified multiple founders in a high proportion of participants evaluated. This effort has not been applied to a sufficient number of cases to establish with confidence the rate of multiple founders in either heterosexual or homosexual transmission settings. It is not surprising that a more sensitive technique might find additional founders, and many of these additional founding viruses are closely related. Nevertheless, the importance of this finding accrues to the observation that these minor variants contribute to immune escape early in the course of HIV infection [18] . It will be critical to determine if minor variants have different phenotypes from the dominant founder and most importantly, if the diversity might limit HIV vaccine protection.
Preventive vaccines that do not completely block infection could theoretically affect the bottleneck selection process, resulting in transmitted founder viruses with varying fitness. Replicative fitness of transmitted HIV could affect immune activation and proviral DNA in the long-lived memory CD4
þ T cells during AHI that may have a bearing on disease progression [22] . Vaccine development could selectively target epitopes that are known to be associated with lower viral set point and better clinical outcomes. Similarly in this era of preexposure prophylaxis (PrEP) use, more bottleneck selective pressure may be needed to optimize viral fitness for a successful transmission event. As PrEP is part of standard preventive package in many settings, individuals who are PrEP failures may harbor viruses with higher fitness, making development of a broadly effective preventive vaccine more challenging. They could also harbor ART-resistant virus with reduced fitness. Understanding the nature of host control of viremia may help refine preventive vaccine development strategies to minimize onward transmission risk such as by lowering viral load levels during acute infection [1 && ]. The control of HIV viremia is widely considered to be associated with the advent, quality and quantity of HIV-specific CD8 þ T cells. Recently, data from a small number of acutely infected women in South Africa indicated that viral load set point correlated 
with the number of HIV-specific CD8 þ T cells. In this experience, a more robust HIV-specific CD8 þ T-cell response corresponded to a lower viral load set point, and historical data would suggest an improved long-term course [12 & ]. However, there remains substantial plasma viremia, and disease progression is nearly universal even with stronger cellular immune responses.
Although the notion of a genetic or phenotypic bottleneck for HIV transmission has been reassuring to vaccine developers in theory, it has not been readily translated to specific vaccine designs. It may be that the study of acute infection will more decisively inform the role of vaccines for achieving a durable remission in the absence of treatment. In particular, defining the innate and adaptive effector mechanisms associated with the control of acute viremia may inform vaccine therapy designs.
EFFECTS OF EARLY ANTIRETROVIRAL THERAPY AND RELEVANCE TO THERAPEUTIC VACCINE DEVELOPMENT
Reservoir establishment occurs early in AHI and reaches a set point within the first 2 months of infection, which in turn determines the size of the reservoir in the chronic stage [23, 24] . Persistent infection of long-lived memory CD4 þ T cells in the peripheral blood and mononuclear cells in tissues represents a major barrier to HIV remission and cure [25] . Treatment initiated at diagnosis of HIV regardless of stage of infection is now recommended globally for the medical benefit of an HIV-infected person [26] . Initiation of ART during acute infection has been shown to reduce HIV DNA in peripheral blood mononuclear cell or gut mononuclear cell populations [2, 27] . This observation is in contrast to the impact of treatment on HIV DNA and other reservoir measurements in persons with chronic HIV infection [28] . A number of studies suggest that low HIV reservoir size is associated with early ART and may be rarely to infrequently associated with spontaneous virological remission [29] [30] [31] . In view of these observations, interventions within the early-treated population seem to be the most promising clinical setting for evaluating HIV remission strategies.
It is probable that the induction of robust cellular immune responses and particularly CD8 þ T-cell responses with sufficient potency and breadth to reduce the HIV latent reservoir are needed to successfully achieve durable HIV remission. Acutely treated individuals generally have better CD4 
/CD8
þ ratio [32] . The CD8 þ T cells during AHI are however highly specific for autologous epitopes, and crossreactive CD8 þ T cells are infrequent [33 & ,34] . This suggests that even small changes in viral peptide residues would disrupt variant-specific reactivity leading to inability to control viremia. Immune escape variants present a significant obstacle to immune control but its timing is not well defined. It is thought that viral escape occurs after peak viremia in AHI and increases gradually over the first few years of infection [16] , providing an opportunity for preventing escape with the initiation of early ART. Moreover, mutation requires some level of replication, either for point mutation or recombination. As early ART dramatically reduces viral replication, it could prevent mutation development. As multifunctional responses against HIV increase with time, such responses maybe diminished with the rapid decline in viral load after early ART. Antibody responses to HIV are reduced following early treatment as reflected by high rates of seronegativity on diagnostic tests [35] . Broadly neutralizing antibodies emerge after persistent exposure to viremia and are generally not present in the setting of early treatment. Although the quantity of HIV-specific immune responses is lower in early-treated individuals, there may be preservation of certain cellular subsets with long-lived memory phenotypes that express less inhibitory markers [36] [37] [38] . Such cells possess effector capabilities to proliferate and perform catalytic function. This may be critical in remission therapies as generating continuous effector memory T-cell immune responses has been associated with clearance of highly pathogenic simian immunodeficiency virus in a nonhuman primate model [39] .
To achieve sustained virologic control of HIV-1 (ART-free HIV remission) and to clear virus-expressing cells, it is likely that immune-based therapies will be needed. Therapeutic HIV vaccine trials in chronic HIV infection have been met with little success in regard to clinical benefits [40] . There are strong rationales for studying therapeutic HIV vaccines in early-treated individuals who have few or no viral escape, less CD4 þ depletion and more preserved memory T cells. More data are needed on the characteristics of immune responses following treatment initiated at different stages of AHI as responses to therapeutic vaccines may vary depending on the preexisting HIV-specific immune responses.
The optimal timing to consider therapeutic vaccination in the setting of AHI is not well understood [41] . Giving vaccine together with initiating ART during AHI may be beneficial as it might serve to maximize HIV-specific immune responses despite declining native HIV antigen presentation. As even very early treatment with ART in acute infection does not completely reverse the dysfunctional inflammatory response, vaccination during acute infection might skew the development of a robust immune response and/or fuel plasma viremia by activation of CD4 þ T cells. The endpoints would be immune responses. Therapeutic vaccines may be administered after a period of sustained viral suppression from ART, and if immune responses are elicited, a closely monitored ART pause could be considered to assess for HIV remission.
It is highly likely that combination treatment with agents to induce HIV expression and thus target latently infected cells for destruction is also required. There are likely sites that harbor HIV latent reservoir, which are not accessible to CD8 þ T cells under normal circumstances and so induction of humoral responses that contribute to reduction of the reservoir are also needed. It is likely that this should be evaluated in a clinical trial setting with a view to maximize immune effector mechanism quality and quantity without raising safety concerns.
CONCLUSION
There is controversy in respect to the relative proportion of new infection attributable to acute and early infection. There are cohort and phylogenetic data along with mathematical models supporting an important role for acute and early infection but the ranges vary widely and some models assert a negligible contribution of acute infection to incidence [11, 42, 43] . To some extent, the variant models reflect the importance of viral load as a dominant factor predictive of transmission risk. This is particularly true in view of recently published data identifying the short duration of acute viremia. However, other features of the virus-host interaction may extend the period of increased transmissibility beyond the first 4-5 weeks of viremia. These include the absence of host neutralizing antibody for the first several months and the gradual adaptation of HIV to sustained host immune surveillance.
If acute and early infection represents an important contribution to annual community incidence, there will be a need to either mobilize convenient, inexpensive tools to identify these cases and initiate treatment. Alternatively, a vaccine that reduces peak viremia and reduces overall viral load set point would contribute to a reduction of infectiousness even if the vaccine is only partially effective in affording protection from HIV infection. In diagnosed acutely infected individuals, defining how immune responses evolve over time and how they relate to reservoir size and viral diversity will increase our understanding of critical host-viral interactions and inform the development of therapeutic vaccine development for HIV remission and cure.
Finally, identifying a reasonably large proportion of acutely infected persons efficiently would require frequent testing in the field in high-risk settings. The hope is that insights from this unique and eventful era of HIV infection will inform more broadly applicable interventions including both preventive and therapeutic vaccines.
